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Description 

ACTUATOR ASSISTED BLOW-OFF 
VALVE ASSEMBLY TO CONTROL 
COOLANT FLOW IN AN INTERNAL 
COMBUSTION ENGINE 

Cross Reference To Related Applications 

[0001] The present application claims the benefit of U.S. Ser. No. 

60/481,189. 
Background of Invention 

[0002] Th e present invention relates generally to an internal 

combustion engine temperature control and, more partic- 
ularly, to an apparatus and method for controlling tem- 
perature of an outboard marine engine using a solenoid 
assisted blow-off valve. 

[0003] it is well known that most internal combustion engines 

use a pressurized cooling system to dissipate heat gener- 
ated by the combustion process. The cooling system cir- 
culates liquid coolant through a coolant jacket which sur- 



rounds certain parts of the engine. The heat is transferred 
from the engine to the coolant in the jacket so as to sub- 
stantially maintain engine temperature at a predetermined 
optimum or ideal value. While it is critical not to overheat 
the engine, it is equally important to maintain higher op- 
erating temperatures to minimize exhaust emissions. Fur- 
ther, it is generally understood that engines run more ef- 
ficiently at fairly high temperatures. To minimize exhaust 
emissions, optimal control of engine and spark plug tem- 
perature is essential. Engine temperature also affects the 
viscosity of oil used to lubricate the engine. At a lower 
viscosity, engine parts move more freely, the engine uses 
less energy, and engine life is therefore extended. 
[0004] Conventional engine temperature control system ther- 
mostats work in conjunction with blow-off valves to regu- 
late engine temperature. The thermostat is configured to 
open and close based on temperature of coolant circulat- 
ing through the engine. When the coolant reaches a pre- 
determined temperature, the position of the thermostat 
changes. For example, when a thermostat is in a closed 
position, coolant is circulated back to the pump and al- 
lowed to be re-circulated through the system. In contrast, 
when the thermostat is in an open position, the coolant 



temperature has exceeded the predetermined threshold 
and therefore coolant is deposited or returned to the 
coolant source whereupon the pump will then draw addi- 
tional coolant from the coolant source and circulate the 
newly acquired coolant through the cooling system. In this 
regard, coolant having an excessive temperature is re- 
placed by cooler coolant. 
[0005] jo improve fuel efficiency as well as reduce emissions, the 
thermostat is typically set at a temperature such that the 
engine is allowed to reach a relatively high ideal operating 
temperature. However, as engine speed increases, the 
thermostat can no longer adequately control engine tem- 
perature. As such, a blow-off valve or valves are used to 
allow coolant circulation back to the coolant source when 
pressure in the cooling system exceeds a predetermined 
value, regardless of temperature. Blow-off valves typically 
include a spring that places a biasing force on a head of a 
valve to maintain the valve in a closed position until cool- 
ing system pressure exceeds this biasing force and 
thereby unseats the head and allows coolant flow through 
the valve. 

[0006] pressure in the cooling system is typically a function of 
the speed by which the pump circulates coolant through 



the system. Generally, the pump is driven by the engine 
and therefore pumps coolant as a function of engine 
speed. For outboard motors, this arrangement typically 
results in the blow-off valve opening when the engine 
speed is approximately 1500 RPM. A drawback of this 
configuration however is that at mid-range engine 
speeds, i.e., 1500-2500 RPM, the blow-off valve opens 
and prevents the engine from running at higher tempera- 
tures, thereby negatively affecting emissions. However, it 
is not sufficient to simply increase the temperature 
threshold of the thermostat to run the engine at hotter 
temperatures and increase the pressure threshold of the 
blow-off valve to increase the cooling system pressure re- 
quired for blow-off. Such a configuration fails to consider 
an engine running at lower engine speeds and higher 
loads. In this range, the increased load on the engine will 
cause an increase in an engine temperature that cannot be 
fully accommodated through thermostatic control of 
coolant circulation. Moreover, because the engine speed is 
relatively low, the pump is being driven at a speed insuffi- 
cient to cause a build-up in pressure in the cooling sys- 
tem. As a result, the engine can run too hot and overheat. 
This linear relationship between thermostat control and 



blow-off valve control of a conventional system is illus- 
trated in Fig. 1. As indicated, because conventional blow- 
off valves do not allow engine temperature control as a 
function of engine load, it is not possible to run the en- 
gine hot at mid-range speeds and low loads without over- 
heating the engine at higher loads for the same speed. 
[0007] | t would therefore be desirable to design a blow-off valve 
assembly that allows the engine to run at increased tem- 
peratures at higher engine speeds that also can be opened 
when pressure in the cooling system is insufficient to 
open the valve thereby allowing the engine to run at de- 
sirable high temperatures at low speed and low load while 
preventing overheating when the temperature of the en- 
gine cannot be thermostatically controlled. 
Brief Description of Invention 

[0008] The present invention solves the aforementioned prob- 
lems by providing a blow-off valve assembly that includes 
an actuator to activate the valve under certain conditions 
when coolant pressure is insufficient to open the valve. 
More particularly, the present invention includes a blow- 
off valve assembly wherein the force or bias imparted on 
the blow-off valve is increased such that increased pres- 
sure in the engine cooling system is required to open the 



valve. The blow-off valve assembly includes an electro- 
mechanical actuator or plunger that electro-mechanically 
opens the blow-off valve to allow coolant to pass 
therethrough when pressure in the cooling system alone 
is insufficient to open the valve. In this regard, the blow- 
off valve assembly allows the engine to run at hotter, ideal 
temperatures at low speed/low load, but also prevents 
overheating of the engine at low speed/high load operat- 
ing conditions. 

[0009] Accordingly, one aspect of the present invention includes 
a blow-off valve assembly having a valve body and a 
blow-off valve disposed in the valve body and configured 
to control coolant flow through an engine based on 
coolant pressure. An actuator is disposed in the valve 
body and is configured to electro-mechanically actuate 
the valve under certain conditions independent of coolant 
pressure. 

[0010] | n accordance with another aspect of the invention, an 
outboard motor includes an internal combustion engine 
and a cooling system to circulate coolant about the inter- 
nal combustion engine to control engine temperature. A 
blow-off valve assembly is biased to seal the cooling sys- 
tem when a pressure of the coolant is below a threshold. 



An electro-mechanical actuating assembly is configured 
to impart a force on the blow-off valve sufficient to over- 
come the bias of the blow-off valve assembly. An engine 
control unit (ECU) is configured to determine if engine op- 
erating conditions warrant activation of the actuating as- 
sembly when coolant pressure is below the threshold and, 
if so, transmit an actuating command signal to the actuat- 
ing assembly to open the blow-off valve. 
1 ] In accordance with yet another aspect of the invention, a 
method is provided for controlling temperature of an out- 
board marine engine. The method includes the steps of 
thermostatically regulating engine temperature when the 
engine is operating under a first set of conditions, elec- 
tro-mechanically opening a blow-off valve to reduce 
coolant pressure in a coolant system when the engine is 
operating under a second set of conditions, and hydrauli- 
cally opening the blow-off valve to reduce coolant pres- 
sure in the coolant system when the engine is operating 
under a third set of conditions. By way of example and not 
limitation, the first set of conditions may be defined by 
engine temperature, the second set of conditions may be 
defined by at least engine load, and the third set of condi- 
tions may be defined by at least coolant pressure. 



[0012] Various other features, objects and advantages of the 

present invention will be made apparent from the follow- 
ing detailed description and the drawings. 
Brief Description of Drawings 

[0013] The drawings illustrated the best mode presently contem- 
plated for carrying out the invention. 
[0014] | n t he drawings: 

[0015] pig. 1 is a graph illustrating a blow-off valve operation ac- 
cording to the prior art. 

[0016] pig. 2 is an exemplary outboard motor incorporating the 
present invention. 

[0017] Fig. 3 is a schematic diagram, partially in section, of a 
blow-off valve assembly embodying various features of 
the present invention. 

[0018] Fig. 4 is the schematic diagram of an engine temperature 
control system employing the blow-off valve in accor- 
dance with a preferred embodiment of the present inven- 
tion. 

[0019] Fig. 5 is a graph illustrating a blow-off valve operation ac- 
cording to the present invention. 
Detailed Description 

[0020] The present invention relates generally to internal com- 



bustion engines, and preferably, those incorporating di- 
rect fuel injection in a spark-ignited two-cycle gasoline- 
type engine. Fig. 2 shows an outboard motor 10 having 
one such engine 12 controlled by an electronic control 
unit (ECU) 14 under engine cover 16. Engine 12 is housed 
generally in a powerhead 18 and is supported on a mid- 
section 20 configured for mounting on a transom 22 of a 
boat 24 in a known conventional manner. Engine 12 is 
coupled to transmit power to a propeller 26 to develop 
thrust and propel boat 24 in a desired direction. A lower 
unit 30 includes a gear case 32 having a bullet or torpedo 
section 34 formed therein and housing a propeller shaft 
36 that extends rearward ly therefrom. Propeller 26 is 
driven by propeller shaft 36 and includes a number of fins 
38 extending outwardly from a central hub 40 through 
which exhaust gas from engine 12 is discharged via mid- 
section 20. A skeg 42 depends vertically downwardly from 
torpedo section 34 to protect propeller fins 38 and en- 
courage the efficient flow of outboard motor 10 through 
water. 

[0021] while the present invention is shown as being incorpo- 
rated into an outboard motor, the present invention is 
equally applicable with many other applications, some of 



which include inboard motors, snowmobiles, personal wa- 
tercrafts, all-terrain vehicles (ATVs), motorcycles, 
mopeds, lawn and garden equipment, generators, etc. 
[0022] pig. 3 shows a blow-off valve assembly 44 in accordance 
with the present invention. The valve assembly 44 in- 
cludes a valve body 46 and a blow-off valve 48 which is 
disposed in the valve body 46. The valve body 46 also 
preferably has two coolant inlet ports 50 and 52, which 
are configured to receive pressurized coolant circulating 
through a cooling system. The blow-off valve assembly 44 
is configured to control pressure of a cooling system for a 
marine engine, located in the outboard motor 10, based 
on coolant pressure or, as will be described, may be con- 
trolled electro-mechanically when pressure in the cooling 
system is not sufficient to open the valve. Valve 48 of 
blow-off valve assembly 44 has a conical end 54 that is 
configured to extend axially to seal a coolant path 56 of 
the cooling system. The valve assembly 44 includes a 
spring 58 configured to bias the valve 48 against a seat 
60 of the valve body 46 to close coolant path 56. When 
the pressure in the cooling system is sufficient to over- 
come the bias placed on the valve 48 by the spring 58, the 
blow-off valve opens and allows coolant to pass through 



path 56. As a result, fresh coolant can enter the system. 

[0023] As noted above, pressure in the cooling system is a func- 
tion of engine speed. That is, the speed of the engine 
drives a pump (not shown) which delivers coolant from a 
coolant source to the cooling system. For outboard motor 
applications, the coolant source is typically the water in 
which the motor is disposed. Under certain conditions, 
such as low engine speed/high load, the pump may not 
be sufficiently driven to increase cooling system pressure 
to a level sufficient to unseat valve 48 from seat 60. Ac- 
cordingly, an actuator assembly 62 is disposed in the 
valve body 46 and is designed to engage the blow-off 
valve 48 so that the valve 48 is caused to open under such 
conditions. Actuator assembly 62 is configured to electro- 
mechanically open the valve 48 under certain conditions 
independent of cooling system pressure. The actuator as- 
sembly 62 includes a plunger 64 controlled by a solenoid 
66 to impart a force on valve 48 sufficient to overcome 
the bias of spring 58. Solenoid 66 is controllable by an 
engine control unit (ECU) as will next be described. 

[0024] pig. 4 is the schematic diagram of an engine temperature 
control system employing the blow-off valve assembly 44 
in accordance with one embodiment of the present inven- 



tion. The outboard motor 10 includes an internal combus- 
tion engine 12 and a cooling system 68 to circulate 
coolant from a cooling source 70 to regulate the tempera- 
ture of the internal combustion engine 12. Coolant pump 
72 draws coolant from the coolant source 70 and circu- 
lates coolant through coolant passages 74 of cooling sys- 
tem 68. Coolant passages 74 circulate coolant about a 
plurality of cylinders 76 of engine 12. A piston 78 recip- 
rocates in each of the cylinders 76 and is connected to a 
crankshaft (not shown) by a connecting rod 80. Coolant 
within coolant passages 74 transfers heat generated from 
the combustion process away from cylinders 76. If the 
coolant temperature is above a desired threshold, ther- 
mostat 82 allows coolant to flow back to coolant source 
70. Pump 72 will then draw fresh coolant from coolant 
source 70 to replace the discharged coolant. Blow-off 
valve assembly 44 is disposed in a circulation path 84 and 
is biased in a closed position such that coolant circulating 
around engine 12 is discharged from cooling system 68 
through a discharge orifice 85 when pressure in the 
coolant passages 74 is below a threshold, i.e. insufficient 
to unseat the valve. Discharge orifice 85 can be con- 
structed to provide cooling flow to other engine system 



components such as the ECU and a tell-tale indicator (not 
shown). 

[0025] As noted above, blow-off valve assembly 44 includes an 
actuating assembly configured to impart a force on the 
blow-off valve 48 sufficient to overcome the bias of the 
blow-off valve assembly 44 when actuated by ECU 14. In 
one embodiment, ECU 14 controls actuation of valve as- 
sembly 44 based on data stored in a map or look-up table 
86. The ECU 14 determines when the actuating assembly 
should be activated from a comparison of actual engine 
speed and load with the predefined map 86 of engine 
speed and load data. In any case, ECU 14 is configured to 
determine if the engine operating conditions warrant acti- 
vation of the actuating assembly 62 to unseat the blow- 
off valve 48 if coolant pressure is below a threshold and 
engine speed is above another threshold, or in general, to 
maintain a high operating temperature to minimize emis- 
sion in all operating ranges. When ECU 14 activates valve 
assembly 44, ECU 14 transmits an actuating command 
signal to the internal solenoid to open the blow-off valve 
48 and allow coolant to pass to coolant source 70 thereby 
dropping the pressure in the coolant paths 74 and main- 
taining engine temperature. The ECU is configured to 



transmit the actuating command signal to the solenoid 
controlled plunger based on engine speed and engine 
load such that a target engine temperature is maintained. 
The ECU is programmed to then regulate the actuating as- 
sembly to maintain a desired engine temperature. 
[0026] pig. 5 is a graph which illustrates the operation of the 

blow-off valve assembly 44 to control temperature of the 
engine in accordance with the present invention. The 
graph depicts operation of the blow-off valve as a func- 
tion of engine load and speed. The operation of the sys- 
tem is divided into three regions A, B, and C by lines 88 
and 90 based on a given engine load and engine speed. 
Region A is a low speed/low load region and can therefore 
be controlled thermostatically in a conventional manner 
using one or more thermostats of a given temperature 
threshold. Region B is a high speed/high load region 
where the engine temperature can effectively be con- 
trolled by hydraulically opening the blow-off valve when 
coolant pressure in the coolant system is sufficient to un- 
seat the blow-off valve. As engine speed increases, the 
speed by which the coolant pump circulates coolant 
through the cooling system also increases. To prevent a 
dead-head condition in the cooling system, the blow-off 



valve opens to allow coolant to escape the system thereby 
dropping the pressure of the coolant in the system as well 
as the temperature of the engine through an inrush of 
cooler coolant. 

[0027] Region C however is a low speed/high load hybrid region 
where the engine temperature is controlled electro- 
mechanically with the solenoid-actuated plunger by open- 
ing the blow-off valve to reduce pressure in the cooling 
system when the speed of the engine is not high enough 
to exert the pressure necessary to blow-open the blow- 
off valve 48. Electro-mechanically opening the blow-off 
valve is advantageous under engine operating conditions 
wherein engine speed is insufficient to drive the water 
pump to increase pressure in the cooling system to a level 
sufficient to open the blow-off valve. When engine speed 
is set to a level below line 90 and engine load is increased 
above line 88, the engine temperature will increase 
thereby causing an increase in coolant temperature and 
pressure in the cooling system, but the increase is not 
sufficient to hydraulically open the blow-off valve. Under 
these conditions, typically associated with low engine 
speed and high engine load, the blow-off valve is opened 
electro-mechanically. 



[0028] Accordingly, one embodiment of the present invention in- 
cludes a blow-off valve assembly having a valve body and 
a blow-off valve disposed in the valve body and config- 
ured to control coolant flow through an engine based on 
coolant pressure. An actuator is disposed in the valve 
body and is configured to electro-mechanically actuate 
the valve under certain conditions independent of coolant 
pressure. 

[0029] | n accordance with another embodiment of the invention, 
an outboard motor includes an internal combustion en- 
gine and a cooling system to circulate coolant about the 
internal combustion engine to control engine tempera- 
ture. A blow-off valve assembly is biased to seal the cool- 
ing system when a pressure of the coolant is below a 
threshold. An electro-mechanical actuating assembly is 
configured to impart a force on the blow-off valve suffi- 
cient to overcome the bias of the blow-off valve assembly. 
An engine control unit (ECU) is configured to determine if 
engine operating conditions warrant activation of the ac- 
tuating assembly when coolant pressure is below the 
threshold and, if so, transmit an actuating command sig- 
nal to the actuating assembly to open the blow-off valve. 

[0030] | n accordance with yet another embodiment of the inven- 



tion, a method is provided for controlling temperature of 
an outboard marine engine. The method includes the 
steps of thermostatically regulating engine temperature 
when the engine is operating under a first set of condi- 
tions, electro-mechanically opening a blow-off valve to 
reduce coolant pressure in a coolant system when the en- 
gine is operating under a second set of conditions, and 
hydraulically opening the blow-off valve to reduce coolant 
pressure in the coolant system when the engine is operat- 
ing under a third set of conditions. By way of example and 
not limitation, the first set of conditions may be defined 
by engine temperature, the second set of conditions may 
be defined by at least engine load, and the third set of 
conditions may be defined by at least coolant pressure. 
[0031] The present invention has been described in terms of the 
preferred embodiment, and it is recognized that equiva- 
lents, alternatives, and modifications, aside from those 
expressly stated, are possible and within the scope of the 
appending claims. 



